With a multi-nuclei Fourier transform NMR spectrometer the ratio of the Larmor frequencies of 85 Rb and 2 H in a solution of RbCI in D20 has been measured with high accuracy. The concentration dependence of the 85 Rb NMR signals has been determined in solutions of rubidium salts in HoO and D20. Using this dependence, the ratio of the Larmor frequencies of the 85 Rb nuclei for infinite dilution relative to 2 H in pure D20 is given. From this a ^i-factor for 85 Rb has been derived and has been compared with the gi-factor of an optical pumping experiment. The difference in the gi-factors results from the shielding of the rubidium nuclei by the water molecules around the ions. The shielding constant is ö( 85 Rb + ) = -2.11 (2) • 10 -4 . This yields a general atomic reference scale for the chemical shift of rubidium in the liquid and solid states and the possibility of comparing experimental and theoretical shielding constants.
Introduction
Chemical shifts in NMR spectroscopy are usually referred to an internal or external standard, for which an intensive NMR line, which is as narrow as possible, will be chosen; the choice is somewhat arbitrary. This procedure yields relative chemical shifts very well, but the absolute shift is not known. By comparing the nuclear ^-factors of the free atom or ion derived from atomic beam or optical pumping techniques with NMR measurements of the <7i-factor of the ion in a particular molecular environment, the shielding constant can be determined. In a defined solution of RbCI in D20 the ratio of the Larmor frequencies, v ( 85 Rb + ) /v ( 2 H), was measured. The solution consisted of 10.7 mol% RbCI and 89.3 mol% D20 (99.75% deuterium). The Larmor frequencies were measured alternately in the same probe at constant field only by varying the excitation frequency. This frequency was controlled by a frequency counter during the addition of the free induction decays. 49 measurements of the ratio were carried out on different days. A signal to noise ratio of 100 was achieved for the 85 Rb signal. The experimental conditions are given in Table 1 .
The result is:
7-( 85 Rb + ) \v( 2 H) = 0.628 973 6(3).
The uncertainty * is due to three times the rms error (0.1 ppm) and a systematic error (0.4 ppm) ; the systematic error arises from the partial asymmetry of the absorption signals, due to the inhomogeneity of the magnetic field.
BLUMBERG et al. 9 Figure 1 . The measured shifts are adjusted so that they refer to the rubidium ion at infinite dilution as standard. The error of the extrapolation was assumed to be ±5.0 Hz. The influence of the anions on the chemical shift of the 85 Rb ions is smaller than in the case of the 133 Cs (Ref. 5 ), but the sequence in the influence is the same.
E 100 Fig. 1 . 85 Rb chemical shifts in aqueous solutions of rubidium salts. Positive values are to higher frequencies. The measured shifts were adjusted so that they refer to the 85 Rb + ion at infinite dilution as standard. Cylindrical probes (9 mm inner diameter) were used; no bulk susceptibility correction was made.
The chemical shift of the solution, in which the ratio of the Larmor frequencies has been measured, relative to a solution of infinite dilution is: <5( 85 Rb + ) = (143±6) Hz. The Larmor frequency of 2 H is also dependent on the concentration of the solution of RbCI in D20. A shift of -(3.2+1.0) Hz was found for this solution referred to pure D20. ppm. We have measured the chemical shift of 85 Rb + in solutions of RbCI and RbN03 in D20. The values for RbCI are given in Fig. 1 , the values for RbN03 in D20 are omitted for clarity. Our error is about 0.5 ppm, and within this limit we observed no solvent isotope effect.
V. Ratio of the Larmor Frequencies for Infinite Dilution
Using the dependence of the Larmor frequencies on concentration, the ratio of the Larmor frequencies which were measured in the somewhat arbitrary solution were transferred to a general base. The ratio of the Larmor frequency of the 85 Rb nucleus at vanishing concentration to the Larmor frequency of 2 H in pure D20 is chosen as this general base:
[ r ( 85 Rb + ) \v ( 2 H) ] extrapol. = 0.628 961 4 (5). (1) The additional error is due to the uncertainty of the extrapolation to zero concentration.
From this ratio, a nuclear magnetic moment can be derived, using v( 2 H)/>'( 1 H) = 0.153 506 083 (60) of SMALLER 12 and the uncorrected magnetic moment of the proton in water //p = 2.792 709(17) ju$ of TAYLOR et al. 13 .
The result is: /*( 85 Rb + in DoO) = 1.348 171 7 (15) .
The moment is affected by the uncertainty of the magnetic moment of the proton and is not corrected for the ionic diamagnetism. The magnetic moment, determined by the NMR method in the described manner, is influenced merely by the electrons of the ion itself and by the surrounding water molecules, which interact with the ion.
VI. The Shielding Constant of 85 Rb + Ions in Water
In the performance of a NMR experiment in a solution in a static magnetic field H0, the magnetic field, which the nucleus under investigation experiences, is not H0; the influence of the surrounding ions or molecules gives rise to an additional magnetic field, which varies rapidly in time. 
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where y is the gyromagnetic ratio, and g\ the nuclear ^-factor of the atom not corrected for diamagnetism, 7NMR the gyromagnetic ratio and gi NMR the nuclear (/-factor resulting from NMR experiments.
For evaluating o, g\ NMR and g\ must be determined in independent experiments. g\ can be measured on free atoms or ions with for example the atomic beam magnetic resonance or the optical pumping technique; g\ XMR is measured on the ion in aqueous solutions by the NMR method.
If all methods use ions, the diamagnetic shielding of the ion needs not be accounted for further. If one of the methods uses atoms, a correction for the small difference between the diamagnetic shielding of the atom and that of the ion has to be made. For the size of this difference in the case of Rb see References 14, 15 .
Following the formalism of WHITE et al. 7 
The large difference between the experimental and the theoretical value shows, that the theoretical model to explain the shielding constant is not yet accurate.
The good agreement of DEVERELLS 20 value using the relation between the concentration dependence of quadrupolar relaxation and the shielding constant is encouraging but must be prooved at further nuclei.
VII. Atomic Reference Scale for Chemical Shifts
With our value for the shielding constant of the Rb + ions in water we are able to establish an atomic reference scale for all chemical shifts of rubidium in the liquid and solid states using the relative chemical shifts, which are quoted in literature 10, 21 . These results are given in Figure 2 . All rubidium chemical shifts measured further relative to aqueous solutions or other references can be given absolutely within this scale.
In the same manner an atom related Knight shift Ka, i. e. the Knight shift relative to the free atom, can be evaluated. This is useful because one gets the real influence of the metallic state on the Larmor frequency of the nucleus by this procedure. The shifts Ka given in Fig. 2 result from the ratios of Chapter VI, the ratios of BLUMBERG et al. 9 and the ratios of WHITE et al. 7 .
The results are:
Ka( 85 Rb) = -0.6767(3)%, £a( 87 Rb) = -0.6742(1)%. The following data were used: solutions of infinite dilution: this work; solution of rubidium salts: Ref. 10 and this work: crystals: Ref. 21 ; metal: Ref. 7 ' 9 .
It is worth mentioning, that the values of the Knight shifts of the two rubidium isotopes differ. This fact is due to the large hyperfine structure anomaly of the 85 Rb and 87 Rb isotopes 9 .
The theoretical values of the shielding constants in the liquid and solid states are not in good agreement with the experimental ones. For dilute solutions see Eq. (3); IKENBERRY and DAS 18 found for the shielding of the Rb halide crystals values between -2.17-10 -4 and -2.1110" 4 and TTER-LIKKIS et al. 22 got K=-60 10~4 for the 85 Rb nucleus in Rb metal.
